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Description

[0001] The invention relates to a gas turbine engine.
[0002] In particular the invention concerns a gas tur-
bine engine provided with a fan unit, an engine core,
bypass duct and bypass air compression means. The
fan unit and bypass air compression means are config-
ured such that, in use, air at exit from the bypass duct
is always at a greater pressure than air delivered to the
engine core intake.

[0003] In aconventional gas turbine engine a fan unit
is used for pressurising ambient air which is then passed
downstream to a compressor to be further compressed.
The air is then mixed with fuel in a combustor, ignited
and burned to expand the gas, increasing the gas tem-
perature. Energy is extracted from the gas by passing it
through a turbine prior to being exhausted. The engine
may have a high pressure turbine which powers the
compressor and a low pressure turbine which powers
the fan unit. The section of the engine comprising the
compressor, combustor and turbine is commonly re-
ferred to as the engine core. Extra propulsive thrust is
provided by utilising the fan unit to direct air through an
annular bypass duct which is defined by a casing radially
spaced apart from the engine core.

[0004] The rotatable sections of an engine typically
comprise annular arrays of large fan blade rotors and
smaller compressor and turbine rotor blades, the blades
normally being intersected with annular arrays of static
aerodynamic guide vanes (commonly referred to as sta-
tor vanes). Each adjacent pair of rotor blades and stator
vanes is referred to as a stage. The stator vanes ensure
the gas impinges on the rotor at the correct angle. The
fan, compressor, combustor and turbine units are all
contained within their own casings which are linked to
adjoining units to form continuous inner and outer cas-
ings.

[0005] Conventionally air exhausted from the fan unit
is at substantially the same pressure over the entire
span of the fan unit, hence the air in and at exit from the
bypass duct is at substantially the same pressure as air
at entry to the engine core. It is also common to provide
additional low pressure fan stages to boost the pressure
of the air entering the engine core such that air in and
at exit from the bypass duct is at a substantially lower
pressure than air at entry to the engine core.

[0006] Gas turbine engines are increasingly designed
to be modular. That is to say the fan unit, compressor,
combustor and turbine are designed as discrete units
which are assembled to form an engine. Given the large
investment and lead times involved in the design and
validation of each modular unit, it is advantageous if the
same modular units are employed in different engine
configurations. That is to say that it is desirable to em-
ploy at least some of the same engine modules in dif-
ferent engine builds thereby producing a gas turbine en-
gine which is configured to different requirements. It will
be appreciated that not all engine configurations are ap-
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propriate for use in all vehicles. For example a military
aircraft gas turbine engine typically has a low bypass
ratio compared to a typical civil aircraft gas turbine en-
gine. Thatis to say in a military engine a higher percent-
age of the total air passed through the engine goes
through the engine core, and less is passed to the by-
pass duct; whereas in a civil engine a lower percentage
of the total air is passed through the engine core, and
consequently a higher percentage is passed through the
bypass duct.

[0007] Even with modern conventional engines the
extent to which engine modules may be shared between
different engine configurations is limited, since for opti-
mum performance each module works only within a rel-
atively limited range of operating conditions.

[0008] To achieve optimum performance the engine
core must be supplied with air at a specific air pressure.
If the air pressure is too low the compressor cannot com-
press the air enough to produce efficient combustion or
turbine operation. If the air pressure is too high the com-
pressor will pressurise the air to too high a value and
the structural integrity of the compressor, combustor
and turbine will be compromised.

[0009] Additionally, to take the example of a civil to
military gas turbine engine configuration conversion, the
bypass air pressure must be increased in order to
achieve desirable thrust levels. Hence the conversion
of a civil configuration to a military configuration places
two opposing demands on the fan unit. First, air must
be delivered to the compressor, combustor and turbine
at the correct pressure for optimal engine core opera-
tion. Second, air must be exhausted from the engine's
bypass duct at a pressure higher than that required in
the civil engine configuration to produce the required
thrust.

[0010] Conventionally this problem is solved by rede-
signing the engine core such that the air pressure rise
through the engine core is less than for an equivalent
civil aircraft. This solution has obvious demerit because
of the cost and time to design, make and validate the
new engine core.

[0011] According to the presentinvention there is pro-
vided a gas turbine engine comprising a fan unit in flow
relationship with an engine core and a bypass duct, of
which said engine core and bypass duct are in parallel
flow relationship with each other and each of which are
provided with an intake and exhaust, said engine core
further comprising a compressor, a combustor and a tur-
bine, with an inner casing provided around said engine
core which defines the engine core intake; said bypass
duct defined by an outer casing radially spaced apart
from said fan unit and said inner casing along at least
part of the length of the gas turbine engine; wherein by-
pass air compression means are provided such that, un-
der substantially all engine power conditions, air at exit
from the bypass duct is at a greater pressure than air
delivered to the engine core intake.

[0012] The present invention solves the problem of
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different air pressure requirements at entry to the engine
core and at exit to the engine bypass duct by employing
a fan unit and bypass air compression means. Under
normal engine conditions, the fan unit and bypass air
compression means work on the air inducted by and
passing through the engine such that air at exit to the
bypass duct is at a greater pressure than air at entry to
the engine core. In this context "substantially all engine
power conditions" is taken to mean the power range
within which the engine is designed to operate for most
of its operational life. That is to say, between an above
idle setting and the maximum engine power rating, and
barring exceptional or unexpected operational condi-
tions, the air pressure at exit from the bypass duct is
always higher than the air pressure at entry to the engine
core intake. The "engine core intake" is the region be-
tween the last stage of the fan unit and the first stage of
the compressor. Hence in a modular build engine, the
"engine core intake" is taken to be the region where the
junction between the fan unit module is and the com-
pressor module is made.

[0013] The provision of a bypass air compression
means in addition to or as part of the fan unit allows for
greater control over the pressure rise of the bypass duct
air. The bypass air compression means may be provid-
ed at entry to the bypass duct, substantially at exit to the
bypass duct and/or at any location therebetween in the
bypass duct. Hence an engine core common to one par-
ticular engine build (for example, a typical civil engine
configuration) may be employed on a different engine
build (for example, a typical military engine configura-
tion) with only the fan unit being required to be changed
and/or the addition of an bypass air compression
means. In many embodiments the bypass air compres-
sion means may form part of the fan unit. Hence the
need for a redesign of the engine core, as would be re-
quired in a conventional engine re-configuration where
the pressure rise in the engine core would otherwise be
too great, is removed.

[0014] Preferably the fan unit and bypass air com-
pression means are configured such that, in use, air at
exit from the bypass duct is pressurised to at least 1.4
X pressure at inlet to engine core intake.

[0015] Preferably the fan unit and bypass air com-
pression means are configured such that in use air at
exit from the bypass duct is pressurised to at least 1.5
x ambient air pressure but no more than 7 x ambient air
pressure and air entering the engine core intake is pres-
surised to atleast 1.1 x ambient air pressure but no more
than 5 x ambient air pressure.

[0016] Preferably the fan unit and bypass air com-
pression means are configured such that in use air at
exit from the bypass duct is pressurised to substantially
3 x ambient air pressure and air entering the engine core
intake is pressurised to substantially 1.5 x ambient air
pressure.

[0017] Preferably the fan unit comprises more than
one fan stage and each of said fan stages comprises
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annular arrays of fan blade rotors with a first fan stage/
blade upstream of a second fan stage/blade. Attaining
a significant differential pressure rise along the length
of a single fan blade and still retaining its aerodynamic
and structural properties is technically difficult. Addition-
ally it has been found that a multistage fan unit provides
better control over the exit pressure profile from the fan
unit.

[0018] Preferably the bypass air compression means
comprises the second stage fan/blade of the fan unit.
[0019] Preferably the aerodynamic profiles of the fan
blades are configured such that, in use, the air at exit
from the bypass duct is at a greater pressure to that de-
livered to the engine core intake. That is to say, it is the
shape of the fan blades which brings about the desired
pressure difference between the bypass duct and en-
gine core intake.

[0020] Inone embodiment of the presentinvention the
blades of said second fan stage are each provided with
a flow splitter part way along their length, configured
such that in use air radially outward of the flow splitter
is delivered to the bypass duct intake and air radially
inward of the flow splitter is delivered to the engine core
intake. This embodiment employs a fan unit with at least
two annular arrays of fan blades. The first fan blade is
configured to pressurise air substantially equally over
its span. The profile of the second fan blade is such that
it will pressurise air to a higher value on the radially out-
ward portion of the flow splitter than on the radially in-
ward portion of the flow splitter.

[0021] In adifferent embodiment of the present inven-
tion the bypass air compression means is provided at
entry to the bypass duct intake as a second fan stage,
such that in use air passing over the array of second fan
blades is delivered only to the bypass duct. Since in this
embodiment a second fan is provided only in or at entry
to the bypass duct, air entering the engine core intake
is pressurised only by the first fan stage. Each of the
second fan blades is supported from an arm extending
axially downstream from a first fan blade. The support
arm may extend downstream from part way up the
height of the first fan blade. Alternatively the supportarm
may extend downstream from substantially at the tip of
the first fan blade.

[0022] In a different embodiment of the presentinven-
tion the engine core intake is provided radially outward
of the bypass duct intake, and the blades of said second
fan stage are each provided at entry to the bypass duct
such that in use air passing over the second fan blades
is delivered only to the bypass duct. Hence the fan stag-
es pressurise air substantially equally over their height,
although each fan stage may pressurise air to a different
degree. Air pressurised by the first stage of the fan unit
is ducted to the engine core intake means. Air com-
pressed by the second stage of the fan unit, that is to
say the bypass air compression means, and which is
consequently at a higher pressure to that of the air pres-
surised solely by the first stage of the fan unit, is deliv-
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ered to the bypass duct.

[0023] In adifferent embodiment of the presentinven-
tion the bypass air compression means is mounted sub-
stantially towards the exit of the bypass duct exhaust.
Hence the fan stages pressurise air substantially equal-
ly over their height, although each fan stage (including
stages of the bypass air compression means) may pres-
surise air to a different degree. Air pressurised by the
first stage of the fan unit enters the engine core intake
and bypass duct at substantially the same pressure. The
bypass duct air is pressurised to a higher value at exit
from the bypass duct by the bypass air compression
means.

[0024] The invention and how it may be carried into
practice will now be described in greater detail with ref-
erence by way of example to embodiments illustrated in
the accompanying drawings, in which:

Figure 1 is a pictorial representation of a gas turbine
engine comprising a fan unit and bypass air com-
pression means according to the present invention;

Figure 2 presents a cross-sectional view of one em-
bodiment of the present invention and shows a by-
pass air compression means provided as a second
stage fan blade with a flow splitter;

Figure 3 shows a cross-sectional view of another
embodiment of the present invention where the by-
pass air compression means is provided as a sec-
ond stage fan at entry to the bypass duct which is
supported by an arm extending downstream from
part way up the height of the first fan blade;

Figure 4 shows a cross sectional view of another
embodiment of the present invention where a by-
pass air compression means is provided as a sec-
ond stage fan at entry to the bypass duct which is
supported by an arm extending downstream from
substantially at the tip of the first fan blade;

Figure 5 shows a cross sectional view of another
embodiment of the present invention where the air
pressurised by both afirst and second stage fan and
is ducted to the bypass duct and air pressurised by
only the first stage fan is ducted to the engine core
intake; and

Figure 6 shows a cross-sectional view of another
embodiment of the present invention where bypass
air compression means is provided as an annular
array of fan blades mounted substantially towards
the exit of the bypass duct exhaust means.

[0025] Presented in Figure 1 is a gas turbine engine
2. The overall construction and operation of the engine
2 is of a conventional kind, well known in the field and
will not be described in this specification beyond that
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necessary to gain an understanding of the invention. For
the purposes of this description the engine is divided up
into four parts, in flow relationship, namely a fan unit 4,
a compressor section 6, a combustor section 8 and a
turbine section 10. The fan unit 4, compressor section
6, combustion section 8 and turbine section 10 are all
provided with intake means and exhaust means, there-
by defining a number of gas flows through the engine 2.
The compressor 6, combustor 8 and turbine 10 define
an engine core which is enclosed by an inner casing 12
radially spaced apart from the engine core to define the
engine core intake means 32. Moving from an upstream
location to a downstream location, the "engine core in-
take" is the region between the last stage of the fan unit
4 and the first stage of the compressor 6. Hence in a
modular build engine, the "engine core intake" is taken
to mean the region where the junction between the fan
unit 4 module and the compressor 6 module is made.
An outer casing 14 is radially spaced apart from the in-
ner casing 12 to define a bypass duct 16 and bypass
duct intake means 32. The various embodiments of the
present invention herein described vary and so various
details of the fan unit 4 have been omitted from Figure
1 for clarity.

[0026] Presented in Figure 2 in an enlarged cross-
sectional view of one embodiment of the fan unit 18 of
the present invention. Common features are referred to
using common integers. An inner casing 12 is radially
spaced apart from the engine core, the first stage of the
compressor 6 of which is shown. An outer casing 14 is
radially spaced apart from the inner casing 12 to define
a bypass duct 16 and bypass duct intake means 30.
Support for an inner wall 20 of the engine core is pro-
vided by an array of support members 22 and 24 which
extend radially towards and are in communication with
the outer casing 14. The support member 24 also ex-
tends through and provides support for the inner casing
12. In addition to this the support members 22,24 are
shaped such that they act as flow straightening vanes.
The inner wall 20 comprises several static and rotatable
sections. The remaining details of the structure are not
required here to appreciate the invention.

[0027] The fan unit 18 comprises two annular arrays
of fan blade rotors, shown in Figure 2 as a first fan blade
rotor 26 which is positioned upstream of a second fan
blade rotor 28. The fan unit intake means is defined by
the region upstream of the fan blade 26 (to the left of
fan blade 26 in Figure 2) and the fan unit exhaust means
comprises the region downstream of the fan rotor blade
28 (to the right of fan blade 28 in Figure 2).

[0028] The fan unit 18 is positioned immediately up-
stream of the bypass duct intake means 30 and the en-
gine core intake means 32. The bypass duct intake
means 30 and the engine core intake means 32 are sep-
arated by the inner casing 12. The second rotor blades
28 are each provided with a flow splitter 34 part way
along their length which extends circumferentially away
from the second rotor blade 28, and abuts flow splitters
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of adjacent second rotor blades 28 to form a near con-
tinuous ring which frustrates leakage from the high pres-
sure bypass duct intake 30 to the engine core intake 32.
The blades of the second fan stage 28 form the bypass
air compression means and are configured such that the
portion of the second fan blade 28 radially outward of
the flow splitter 34 has a different aerodynamic profile
to the portion of the second fan blade 28 radially inward
of the flow splitter 34.

[0029] In operation air entering via the fan unit 18 in-
take means in the direction indicated by arrow "A" in Fig-
ure 2 is first compressed by the first fan blade 26. The
air flow is split by the flow splitter 34 such that a propor-
tion of the air is exhausted to the bypass duct 16 and
the remainder of the air enters the engine core intake
means 32. The second fan blade 28 is configured such
that air passing over the bypass air compression means
portion of the blade 28 radially outward of the flow split-
ter 34 is pressurised substantially more than air passing
over the portion of the blade radially inward of the flow
splitter 34.

[0030] A differentembodiment of a fan unit 36 accord-
ing to the present invention is shown in Figure 3. In this
embodiment the bypass air compression means 28 is
provided only upstream of the bypass duct intake means
30. The inner casing 12 is extended forwards/upstream
of the second fan blade 28 and acts as a flow splitter.
[0031] The bypass air compression means is provid-
ed as a second fan blade 28 is supported from an arm
40 extending axially downstream from part way up the
height of the first fan blade 26. In a similar embodiment
of a fan unit 42 according to the present invention and
presented in Figure 4, the support arm 40 extends
downstream from substantially at the tip of the first fan
blade 26.

[0032] During operation of the embodiments present-
ed in Figures 3 and 4 air enters the fan unit 36,42 intake
means in the direction indicated by arrow "A". The air is
first compressed by the first fan blade 26. The air flow
is then split by the inner casing 12 such that a proportion
of the air is delivered to the engine core intake means
32, and the remainder of the air passes over the bypass
air compression means 28 and compressed further be-
fore being delivered to the bypass duct intake means 30.
[0033] Adifferentembodiment of a fan unit 44 accord-
ing to the present invention is shown in Figure 5. In this
example the bypass air compression means is provided
as a second fan blade 28 which spans only part of the
height of the fan unit 44 and does not extend the full
distance to the outer casing 14. The second fan blade
28 exhausts directly into the bypass duct intake means
30 as before. The engine core intake means 32 is con-
figured as a duct which is radially outward of the tip of
the second fan blade 28 at its furthest point upstream.
Moving downstream the bypass duct intake means 30
and the engine core intake means 32 crossover, shown
in Figure 5 as overlapping lines. For the avoidance of
doubt in practice there is no flow communication be-
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tween the engine core intake means 32 and the bypass
duct intake means 30.

[0034] During operation of the embodiment presented
in Figure 5 air enters the fan unit 44 intake means in the
direction indicated by arrow "A". The air is first com-
pressed by the first fan blade 26. The air flow is then
split between the portion entering the engine core intake
means 32 and that entering the bypass duct intake
means 30. Air directed towards the bypass duct 16 is
first compressed by the second fan blade 28.

[0035] Another embodiment of a fan unit46 according
to the present invention is shown in Figure 6. In this ex-
ample the bypass air compression means 28 is provided
substantially toward the exit of the bypass duct exhaust
means as an annular array of fan blades, each of which
are mounted on at least one radially inward turbine
blade.

[0036] During operation of the embodiment presented
in Figure 6 air enters the fan unit 46 intake means in the
direction indicated by arrow "A". The air is first com-
pressed by the first fan blade 26. The air flow is then
split by the inner casing 12 such that a portion of the air
is delivered to the engine core intake means 32 and the
remaining portion is delivered to the bypass duct 16 via
the bypass duct intake means 30. At exit to the bypass
duct 16 the bypass air compression means 28 further
compresses bypass air before being exhausted from the
bypass duct 16.

[0037] Particular benefit has been found where the
fan unit and bypass air compression means are config-
ured such that, in use, air at exit from the bypass duct
is pressurised to at least 1.4 x pressure at inlet to engine
core intake. Particular benefit has also been found
where the fan unit and bypass air compression means
are configured such that in use air in the bypass duct is
pressurised to at least 1.5 x ambient air pressure but no
more than 7 x ambient air pressure and air entering the
engine core intake is pressurised to at least 1.1 x ambi-
ent air pressure but no more than 5 x ambient air pres-
sure.

[0038] Additionally benefit has also been found where
the fan unit is configured such that in use air in the by-
pass duct is pressurised to substantially 3 x ambient air
pressure and air entering the engine core intake is pres-
surised to substantially 1.5 x ambient air pressure.
[0039] The present invention solves the problem of
different air pressure requirements at entry to the engine
core and in the engine bypass duct by employing a fan
unit and bypass air compression means capable of pro-
ducing, in use, an air pressure that is greater in the by-
pass duct to that at entry to the engine core. Hence an
engine core common to one particular engine build (for
example, a typical civil engine configuration) may be
employed on a different engine build (for example, a typ-
ical military engine configuration) with only the fan unit
being required to be changed. This removes the need
for a redesign of the engine core as would be required
in a conventional engine re-configuration where the
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pressure rise in the engine core would otherwise be too
great.

[0040]

The advantage of the present invention is the

ability to use the high pressure ratio (for example 15 to
20) core of a low specific thrust "civil" engine as the core
of a high specific thrust "military" engine without the risks
and costs associated with a very high overall pressure
ratio. Additionally, the development cost associated with
modifying the core to reduce the overall pressure ratio
is avoided.

Claims

1.

A gas turbine engine (2) comprising a fan unit
(4,18,36,42,44,46) in flow relationship with an en-
gine core and a bypass duct, of which said engine
core and bypass duct (16) are in parallel flow rela-
tionship with each other and each of which are pro-
vided with an intake and exhaust, said engine core
further comprising a compressor (6), a combustor
(8) and a turbine (10), with an inner casing (12) pro-
vided around said engine core which defines the en-
gine core intake (32); said bypass duct (16) defined
by an outer casing (14) radially spaced apart from
said fan unit (4,18,36,42,44,46) and said inner cas-
ing (12) along at least part of the length of the gas
turbine engine (2); wherein bypass air compression
means (28) are provided such that, under substan-
tially all engine power conditions, air at exit from the
bypass duct (16) is at a greater pressure than air
delivered to the engine core intake (32).

A gas turbine engine (2) as claimed in claim 1
wherein the fan unit (4,18,36,42,44,46) and bypass
air compression means (24) are configured such
that, in use, air at exit from the bypass duct (16) is
pressurised to at least 1.4 x pressure at inlet to en-
gine core intake (32).

A gas turbine engine (2) as claimed in claim 1 or
claim 2 wherein the fan unit (4,18,36,42,44,46) and
bypass air compression means (28) are configured
such that in use air at exit from the bypass duct (16)
is pressurised to at least 1.5 x ambient air pressure
but no more than 7 x ambient air pressure and air
entering the engine core intake (32) is pressurised
to at least 1.1 x ambient air pressure but no more
than 5 x ambient air pressure.

A gas turbine engine (2) as claimed in claim 1, claim
2 or claim 3 wherein the fan unit (4,18,36,42,44,46)
and bypass air compression means (28) are config-
ured such that in use air at exit from the bypass duct
(16) is pressurised to substantially 3 x ambient air
pressure and air entering the engine core intake
(32) is pressurised to substantially 1.5 x ambient air
pressure.

10

15

20

25

30

35

40

45

50

55

5.

10.

11.

12.

13.

A gas turbine engine (2) as claimed in any one of
claims 1 to 4 wherein the fan unit (4,18,36,42,44)
comprises more than one fan stage (26,28) and
each of said fan stages (26,28) comprises annular
arrays of fan blade rotors (26,28) with a first fan
stage/blade (26) upstream of a second fan stage/
blade (26).

A gas turbine engine (2) as claimed in claim 5
wherein the bypass air compression means (28)
comprises the second fan stage/blade of the fan
unit (4,18,36,42,44).

A gas turbine engine (2) as claimed in claim 5 or
claim 6 wherein the aerodynamic profiles of the fan
blades (26,28) are configured such that, in use, the
air at exit from the bypass duct (16) is at a greater
pressure to that delivered to the engine core intake
(32).

A gas turbine engine (2) as claimed in claim 5, claim
6 or claim 7 wherein the blades (28) of said second
fan stage are each provided with a flow splitter (34)
part way along their length, configured such that in
use air radially outward of the flow splitter is deliv-
ered to the bypass duct intake (30) and air radially
inward of the flow splitter is delivered to the engine
core intake (32).

A gas turbine engine (2) as claimed in claim 5, claim
6 or claim 7 wherein the blades (28) of said second
fan stage are each provided at entry to the bypass
duct intake (30), such that in use air passing over
the second fan blades (28) is delivered only to the
bypass duct (16).

A gas turbine engine (2) as claimed in claim 9
wherein each of the second fan blades (24) is sup-
ported from an arm (40) extending axially down-
stream from a first fan blade (26).

A gas turbine engine (2) as claimed in claim 10
wherein the support arm (40) extends downstream
from part way up the height of the first fan blade
(26).

A gas turbine engine (2) as claimed in claim 10
wherein the support arm (40) extends downstream
from substantially at the tip of the first fan blade (26).

A gas turbine engine (2) as claimed in claim 5, claim
6 or claim 7 wherein the engine core intake (32) is
provided radially outward of the bypass duct intake
(30), and the blades (28) of said second fan stage
are each provided at entry to the bypass duct (16)
such that in use air passing over the second fan
blades is delivered only to the bypass duct (16).
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15.
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A gas turbine engine (2) as claimed in any one of
claims 1 to 6 wherein bypass air compression
means (28) are mounted substantially towards the
exit of the bypass duct exhaust (16).

A gas turbine engine (2) as claimed in claim 14
wherein the bypass air compression means (24)
comprises an annular array of fan blades (20),
whereby each of said fan blades (28) are mounted
on at least one turbine blade.
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